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Chronic proteinuria appears to be a key factor in
tubulointerstitial damage. Recent studies have emphasized
a pathogenic role of endoplasmic reticulum (ER) stress which
is induced by the accumulation of misfolded proteins in ER,
extracellular stress, etc. In the present study, we investigated
ER stress and ER stress-induced apoptosis in proximal
tubular cells (PTCs). Immortalized rat PTCs (IRPTCs) were
cultured with bovine serum albumin (BSA). The viability of
IRPTCs decreased proportionately with BSA overload in a
time-dependent manner. Quantitative real-time polymerase
chain reaction analysis revealed that 40 mg/ml BSA
increases mRNA of ER stress markers by 7.7- and 4.6-fold
(glucose-regulated protein 78 (GRP78) and oxygen-regulated
protein 150 (ORP150), respectively) as compared to control.
The increased expression of ORP150 and GRP78 in IRPTCs
with albumin overload was detected by Western blot and
immunofluorescence study. These in vitro observations were
supported by in vivo studies, which demonstrated that ER
stress proteins were upregulated at PTCs in experimental
proteinuric rats. Furthermore, increased ER stress-induced
apoptosis and activation of caspase-12 were observed in
IRPTCs with albumin overload and kidneys of experimental
proteinuric rats. We confirmed that apoptotic cell death
was attenuated by co-incubation with caspase-3 inhibitor
or calpain inhibitors. These results indicate that the ER
stress-induced apoptosis pathway contributed to the insult of
tubular cells by proteinuria. In conclusion, renal tubular cells
exposed to high protein load suffer from ER stress. ER stress
may subsequently lead to tubular damage by activation of
caspase-12.
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Chronic proteinuria is now considered to play an essential
role in progression of tubulointerstitial damage which is
considered as a final common pathway to end-stage renal
disease.1–3 In healthy human beings, a small amount of
proteins filtered by the glomerulus are reabsorbed by
proximal tubular cells (PTCs). However, enhanced protein
traffic through the glomerular capillary, whatever the cause
is, leads to an increased concentration of proteins in the
proximal tubular lumen. When PTCs are exposed to excessive
amounts of protein, a variety of harmful responses are
initiated in PTCs, including an increased synthesis of
endothelin-1,4 RANTES (regulated upon activation normal
T-cell expressed and secreted),5 monocyte chemoattractant
protein 1,6–8 complement components,9–13 and osteopon-
tin.14 Previous studies also suggested that a transcription
factor such as nuclear factor-kB plays an important role in
the pathogenesis of tubulointerstitial damage with protei-
nuria.5,15,16 As a consequence of proteinuria, tubular cells
become apoptotic, leading to eventual tubulointerstitial
fibrosis.17 Apoptotic pathways are activated by a diverse
array of extrinsic and intrinsic signals. The endoplasmic
reticulum (ER) regulates protein synthesis, folding and
trafficking, as well as cellular responses to stress, and
intracellular calcium (Ca2þ ) levels.18–20 Recent reports
emphasize the importance of imbalance between so-called
client proteins and the folding of proteins in the ER as a
cause of apoptosis.21 A threat to equilibrium between the
load of nascent client proteins synthesized and the capacity of
ER is referred to as ER stress. Alterations in Ca2þ
homeostasis and accumulation of unfolded proteins in the
ER cause ER stress.22,23 Caspase-12 plays an essential role in
the ER stress-induced apoptosis pathway.21 Activation of
caspase-12 by ER stress is mediated by calpain,24 which is
activated by Ca2þ elevation. The evidence that ER stress is
pathogenic in certain neurodegenerative diseases25 and renal
injury26,27 is accumulating. Furthermore, a variety of toxic
insults, including that induced by Ca2þ ionophores,
inhibitors of glycosylation, chemical toxins, and oxidative
stress, all can cause ER stress and ultimately lead to cell death.
However, a role of ER stress in proteinuria-induced tubular
cell death remains unknown. The present study was designed
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to delineate how ER stress induces apoptosis in PTCs exposed
to protein overload.
RESULTS
Albumin overload decreased cell viability of cultured PTCs
In order to mimic the in vivo conditions of PTCs exposed to
proteinuria, we employed albumin overload. To evaluate that
albumin overload damages immortalized rat PTCs (IRPTCs),
we performed lactate dehydrogenase (LDH) release assays to
evaluate cell viability after exposure to high albumin
concentrations. Indeed, cell viability was decreased in a
dose-dependent manner when cells were incubated with
bovine serum albumin (BSA) (Figure 1a). Subsequently,
IRPTCs were incubated with 40 mg/ml BSA for various
incubation times. The ratio of LDH release increased in a
time-dependent manner (Figure 1b). Similar results were
observed by utilizing albumin derived from human serum
instead of BSA (data not shown).
Real-time quantitative PCR analysis revealed ER stress in PTC
treated with albumin
To determine whether albumin overload induces ER stress
in IRPTCs, we evaluated changes in mRNA levels of
representative ER stress proteins using quantitative real-time
polymerase chain reaction (PCR). Upregulation of mRNAs
of two of these proteins, oxygen-regulated protein (ORP150)
and glucose-regulated protein (GRP78), occurred in a
time-dependent manner (Figure 2). IRPTCs were also
incubated with various concentrations of albumin (0, 10,
20, 40 mg/ml) for 24 h, and a significant increase in GRP78
and ORP150 mRNA was observed in cells exposed to 40 mg/
ml BSA for 24 h (7.770.92-fold (Po0.005) and 4.67
1.2-fold increase (Po0.05), respectively) as compared to
cells cultured in serum-free media at the same time point
(data of other doses are not shown).
Evaluation of protein expression of ORP150 and GRP78
We evaluated the expression of the representative ER stress
proteins at the protein level (Figure 3a–d). Immunofluorescence
studies revealed constitutive GRP78 expression in control
cells (Figure 3a), which was increased by albumin exposure
(Figure 3b). Baseline expression of ORP150 (Figure 3c) was
also increased by albumin overload (Figure 3d). Furthermore,
the subcellular distribution of GRP78 or ORP150 was
expanded by BSA exposure (Figure 3b and d). The expression
of GRP78 was colocalized with that of ER resident protein,
calnexin (Figure 3e). Western blot analysis followed by
densitometry revealed that albumin overload significantly
upregulated expression levels of GRP78 and ORP150
(Figure 3f and g).
Expression pattern of ORP150 and GRP78 in normal and PAN
nephropathy model
Next, we examined ER stress in an animal model of massive
proteinuria, puromycin aminonucleoside (PAN) nephro-
pathy,28 and compared expression of various ER stress
proteins in the kidneys of these animals to those of normal
control rats. As shown in Figure 4a, GRP78 was expressed in
normal kidneys; immunohistochemical analysis using tubule-
specific markers identified that expression of GRP78 was
limited in distal tubules under baseline conditions. On the
other hand, ORP150 was not detected in normal kidneys
(Figure 4d). In PAN nephropathy, expression of GRP78 was
not only observed in distal tubules but in proximal tubules,
and the expression of ORP150 was now present in distal and
proximal tubules (Figure 4g–l). These results suggest that ER
stress was induced in proximal tubules in association with the
massive proteinuria induced in this model.
Caspase-3 inhibitor suppressed albumin-induced cell death
To explore the pathophysiology of cell death, we examined
whether apoptosis occurred in IRPTCs incubated with BSA.
Staining with Hoechst33342 revealed nuclear shrinkage and
condensation, which suggest that albumin overload induced
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Figure 1 | The viability of IRPTCs was dependent on concentrations
of BSA and incubation time. (a) IRPTC was incubated with 0, 10,
20, 40 mg/ml BSA for 24 h. Dead cells were significantly increased in
a dose-dependent manner. (b) IRPTC was incubated with or
without 40 mg/ml BSA for 6, 12, 24, 36 h. Dead cells were increased in
a time-dependent manner.
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Figure 2 | mRNA expression of ORP150 and GRP78 was increased
by incubation with BSA. IRPTC was incubated with 40 mg/ml BSA
for 6, 12, 24, 36 h. mRNA of ORP150 and GRP78 was increased in
a time-dependent manner. mRNA of GRP78 was increased 30-fold
compared to normal control (0 h).
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apoptosis in IRPTCs (Figure 5a). These condensed nuclei
were also stained with propidium iodide (PI). Apoptosis was
confirmed by Annexin V assay as described below, and
the percentage of apoptotic cell death in IRPTCs treated with
BSA was higher than that in untreated-IRPTCs (33.973.0 vs
20.572.7%, Po0.001). To clarify the association of caspase-3,
we utilized a cell-permeable and irreversible caspase-3
inhibitor (z-Asp(OMe)-Glu(OMe)-Val-Asp(OMe)-CH2F
(z-DEVD-fmk)) and examined LDH release. The result suggested
that caspase-3 is involved in apoptosis as induced by albumin
overload in IRPTC. Thus, the caspase-3 inhibitor suppressed cell
death, but not entirely to baseline levels (Figure 5b).
Calpain inhibitors suppressed cell death induced by albumin
overload
To investigate a role of calpain in cell death associated with
ER stress induced by albumin overload, we employed calpain
inhibitors, such as N-acetyl-Leu-Leu-Nle-CHO (ALLN)
(calpain inhibitor I), PD150606, and calpeptin. ALLN
appeared remarkably effective in suppressing cell death in a
dose-dependent manner (Figure 6). Annexin V assay revealed
that apoptosis of IRPTCs induced by albumin overload in
IRPTCs was significantly suppressed by ALLN (Figure 7).
Caspase-12 has been reported to play an important role as
an essential mediator in apoptosis induced by ER stress.
Therefore, we examined whether caspase-12 was upregulated
or activated by BSA overload. In IRPTCs with BSA overload,
immunofluorescence studies revealed that the total protein
levels of caspase-12 were upregulated (Figure 8a and b). In
addition, Western blot analysis followed by densitometry
demonstrated that the active form of caspase-12 was
increased by BSA overload, while it was attenuated by ALLN
(Figure 8c and d). Activation of caspase-12 was also observed
in in vivo studies utilizing PAN nephropathy rats: intensity of
the band of active caspase-12 increased in kidneys of PAN
nephropathy rats as compared to normal rats (827.7772.5 vs
407.57167.6 pixel2, Po0.05) (Figure 8e).
Furthermore, to confirm contribution of calpain, other
calpain inhibitors, such as PD150606, which has been
considered a cell-permeable, selective non-peptide calpain
inhibitor, and calpeptin, which is considered an inhibitor for
calpain and papain, were employed. Both of these com-
pounds also suppressed cell death (Figure 9). These results
indicated that calpain activation was associated with ER stress
induced by albumin overload, contributing to subsequent
apoptosis.
DISCUSSION
In the present study, we demonstrated that PTCs exposed to
albumin underwent the state of ER stress. Why does albumin
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Figure 3 | Immunofluorescence studies revealed upregulation of ER stress marker proteins, ORP150 and GRP78, by albumin overload.
IRPTCs were incubated with (a, c) serum-free media or (b, d) 40 mg/ml BSA for 24 h. After fixation, the cells were stained with primary
antibodies against (a, b) GRP78, or (c, d) ORP150. These ER stress proteins were significantly upregulated by incubation with BSA. (e) GRP78
and ORP150 were located mainly in the cytoplasm, and intracellular distribution of GRP78 was identical with that of ER resident protein,
calnexin. Original magnification  400. Increased expression levels of ORP150 and GRP78 by albumin overload (24 h) were confirmed
by (f) Western blot and (g) densitometric analyses. *Po0.05 against control.
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overload induce ER stress in PTCs? PTCs internalize proteins
by a process of endolysosomal phagocytosis.29 Endocytic
vesicles of the lysosomal-processing pathway normally carry
the reabsorbed protein toward the degenerative lysosomal
compartment. A high-capacity reabsorption system would
deal with filtered proteins that largely exceed the normal
concentration at the apical surface of PTCs. Filtered albumin
and other proteins that accumulate within intracellular
compartments of PTCs may perturb cell functions by several
mechanisms. Exposure to albumin upregulates intracellular
a b c
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Figure 4 | Immunohistochemical analysis localized GRP78 and
ORP150 in certain tubular segments. (a–f) GRP78 and ORP150
staining in the normal kidney. (a) GRP78 was detected in certain
tubules in cortex. Comparison with the specific staining for PT
(f: PHA-E), THAL (c: THP), DCT (b: CaBP28k positive and e: AQP2
negative), CNT (b: CaBP28k positive and e: AQP2 positive) and CCD
(e: AQP2 positive) revealed that constitutive expression of GRP78 was
limited in distal tubules in the cortex (from THAL to CCD). On the
other hand, (d) ORP150 was not detected in the normal kidney.
(g–l) Expression of GRP78 and ORP150 was upregulated in the kidney
of puromycin nephropathy rat. (a) GRP78 was detected not only
in distal tubules but also in proximal tubules. (d) ORP150 was
upregulated diffusely in the cortex. PT: proximal tubule, THAL: thick
ascending limb, DCT: distal convoluted tubule, CNT: connecting
tubule, CCD: cortical collecting duct, PHA-E: Phaseolus vulgaris
erythroagglutinin, THP: Tamm–Horsfall protein, CaBP28k: calbindinD
28k, AQP2: aquaporin 2. Original magnification  100.
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Figure 5 | Albumin overload induced apoptosis via caspase-3 in
IRPTCs. (a) Nucleus condensation by Hoechst33342 (left) and PI
(right) staining demonstrated apoptosis of IRPTCs incubated with
BSA. IRPTCs treated with 40 mg/ml BSA for 24 h were stained with
Hoechst33342 and PI. (b) Cell-permeable caspase-3 inhibitor im-
proved the cell viability. The data were expressed as percentage of
LDH release, n¼ 3 in each group: (A) control group, (B) IRPTCs treated
with BSA, (C) IRPTCs treated with BSA plus caspase-3 inhibitor,
z-DEVD-fmk. Original magnification  200. (b) *Po0.05 against
group.
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Figure 6 | ALLN (calpain inhibitor I) remarkably improved cell
viability of IRPTCs. Thirty and 60 mM ALLN significantly suppressed
cell death to the extent nearly comparable to non-stimulated cells
(*Po0.01).
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reactive oxygen species generation,30 and increases intracellular
Ca2þ in PTCs.31 They may be potential mechanisms of
induction of ER stress in PTCs exposed to albumin, as
alteration in calcium mobilization32,33 or redox status34,35 is
known to bring about ER stress. We used fatty acid-free
albumin, alleviating the concern that the observed effect in
our studies might be mediated by a non-proteinaceous
compound attached to albumin in the manufacturing
process. Previous papers reported various protein concentra-
tions in proximal tubules in normal animals by means of
micropuncture techniques.36–38 In addition, the concentration
of albuminuria reaching proximal tubular lumen right after
filtration from glomeruli in nephrotic syndrome is not yet
determined. In the present studies, we employed the albumin
concentrations based on previous studies of the model of
albumin overload.5,7,39–41
We observed that protein overload induced ORP150 and
GRP78 in this study. In addition, cell death was detected after
12 h exposure to protein, and it seems to precede the increase
of ORP150 and GRP78 expression. To date, several pathways
of ER stress were reported,42 and ORP150 and GRP78 are
considered as protective agents. Our findings suggest that
death signal pathways overwhelmed activation of protective
pathways, or that activation of protective pathways may be
activated following death signal pathways.
Although apoptosis in PTCs exposed to high concentra-
tion of albumin in vitro43 and in vivo44 was reported
previously, a precise mechanism of this apoptosis remains
unknown. Our studies demonstrated that ER stress induced
by albumin overload was associated with apoptosis of PTCs.
The mechanism by which ER stress is coupled to an apoptotic
response had been a mystery until caspase-12 was characterized
by Nakagawa and Yuan.24 Caspase-12 is ubiquitously and
constitutively expressed, but unlike other caspases, caspase-12
is specifically activated by the insults that elicit ER stress and
is not activated by other death stimuli. Although previous
reports showed dose- and duration-dependent upregulation
of the Fas-FADD-caspase 8 pathway in PTCs exposed to
albumin,40 we demonstrated proteolytic activation of cas-
pase-12, indicating association of caspase-12 in ER stress-
induced apoptosis of PTCs with albumin overload. The
activated form of caspase-12 was detected to some extent
even in normal samples in our Western blot and it may reflect
activation of this enzyme during sample preparation of cell
extract as pointed out by Nakagawa et al.21 and Van de Craen
M et al.45 To support this notion, we could see the same
phenomenon in the datasheet provided by the manufacturer
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Figure 7 | The ratio of apoptosis was examined by flow
cytometric analysis using Annexin V assay. IRPTCs, which were
preincubated with 60 mM ALLN, significantly improved their viability
(*Po0.01).
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Figure 8 | Upregulation of activated caspase-12 in IRPTCs with
BSA overload and kidneys of PAN nephropathy rats, and its
downregulation by ALLN. (a, b) Immunofluorescence studies
revealed that total caspase-12 expression was upregulated in IRPTCs
incubated with BSA. Original magnification  400. (c) Upregulation of
35 kDa of activated caspase-12 was observed in IRPTCs incubated
with BSA (middle lane), and it was downregulated by preincubation
with ALLN (right lane). (d) Densitometric analysis revealed that
the increase of active caspase-12 was statistically significant in
BSA-treated IRPTCs, whereas it was suppressed by ALLN
treatment. *Po0.05 against BSA-treated IRPTCs. (e) Western
blot analysis revealed that active caspase-12 markedly increased
in kidneys of PAN nephropathy rats as compared to normal rats.
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Figure 9 | Cell death of IRPTCs induced by BSA overload was
associated with calpain activation. Calpain inhibitors, (a) calpeptin
and (b) PD150606, improved cell viability in a dose-dependent
manner. *Po0.05 against BSA-treated control.
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(Calbiochem). Following its activation at the ER, caspase-12
can directly process downstream caspases in the cytosol.
Caspase-12 directly cleaves procaspase-9, leading to caspase-
9-dependent activation of caspase-3.46,47 We confirmed
contribution of caspase-3 in PTCs exposed to albumin
utilizing specific inhibitors. These results are novel, suggesting
that the ER stress-induced apoptotic pathway in PTCs is
stimulated by a high concentration of albumin. The
concentration of albumin employed in our experiments was
chosen to be the equivalent of that experienced by PTCs
under massive proteinuria.48 Other researchers investigating
the impact of albumin on PTCs have employed a similar
range of protein concentration.5,6,30
To investigate association of protein load and ER stress-
induced cell death in vivo, we employed PAN nephropathy,
which causes with massive proteinuria. Fernandez et al.44
previously reported apoptosis of PTCs in kidneys of PAN
nephropathy, but a precise mechanism of the apoptosis
remained to be determined. The present study demonstrates
that GRP78 is constitutively expressed mainly in distal
tubules of the normal kidney, new information. Furthermore,
GRP78 was upregulated in the PTCs of the nephrotic kidney
and caspase-12 was activated in these kidneys. These results
suggested association of protein load-induced ER stress and
apoptosis of PTCs in PAN nephropathy kidneys, supporting
the observations of our in vitro experiments.
Our experiments also revealed an essential role of calpain
in ER stress-induced apoptosis in PTCs exposed to albumin.
Nakagawa et al.24 reported that caspase-12 is cleaved by
calpain and activated when exposed to the insult of ER stress.
In our experiments, we explored a role of calpain in PTCs
exposed to a high concentration of albumin utilizing three
kinds of calpain inhibitors, all of which showed remarkable
effects on amelioration of tubular injury. In addition, ALLN
decreased ER stress-induced apoptosis of the cells with albumin
overload. Our results clarified a role of calpain in the pathway
of apoptosis induced by a high concentration of albumin, and
raised a therapeutic possibility of calpain inhibitors against
tubulointerstitial injury by chronic massive proteinuria.
In conclusion, we demonstrated that albumin overload
leads to ER stress-induced apoptosis in PTCs. Calpain and
caspase-12 might be involved in this apoptosis pathway, and
may serve as promising therapeutic targets in the future
under proteinuric conditions.
MATERIALS AND METHODS
Reagent
We employed lipid- and endotoxin-free BSA (Sigma, St Louis, MO,
USA) for avoiding the influence of lipid or endotoxin on the
cultured cells. Antibodies to GRP78 and caspase-12 were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Polyclonal
antibody against ORP150 was used for immunohistochemistry
of ORP150.49 Antibody which was used for immunofluorescence
and Western blot of ORP150 was obtained from IBL (Takasaki,
Japan). Antibodies to Tamm–Horsfall protein, calbindinD 28k, and
aquaporin-2 were obtained from Cappel (Costa Mesa, CA, USA),
Sigma, and Chemicon International (Temecula, CA, USA), respectively.
Biotinylated Phaseolus vulgaris erythroagglutinin (PHA-E) was
purchased from Vector Laboratories (Burlingame, CA, USA).
For Western blotting, anti-GRP78 antibody obtained from Stressgen
(Victoria, BC, Canada) and anti-caspase-12 antibody from
Calbiochem (La Jolla, CA, USA) were used. TexasRed conjugated
anti-rabbit immunoglobulinG was purchased from Molecular Probe
(Eugene, OR, USA). LDH assay kit was purchased from Wako Pure
Chemical Industries (Tokyo, Japan). z-DEVD-fmk (Caspase-3
inhibitor), ALLN (calpain inhibitor I), PD150606, and calpeptin
were purchased from Calbiochem (La Jolla, CA, USA). Annexin V
apoptosis detection kit was purchased from Medical and Biological
Laboratories (MBL, Nagoya, Japan).
Cell culture
IRPTCs were cultured in Dulbecco’s modified Eagle’s medium
(Nissui Seiyaku, Tokyo, Japan) buffered with 10 mM HEPES (Sigma)
at pH 7.4 supplemented with 5% heat-inactivated fetal bovine
serum (JRH Biosciences, Lenexa, KS, USA), 100 U/ml penicillin,
100 mg/ml streptomycin, and kept at 371C in a humidified atmo-
sphere of 5% CO2 in air.
50
BSA overload in vitro study
Cells were incubated to confluence, after which they were incubated
with serum-free medium for 24 h. Then the medium was changed
and cells were incubated with BSA in various concentrations (0, 10,
20, 40 mg/ml) for 24 h. Cells incubated in medium including 40 mg/
ml BSA were also incubated for various times (6, 12, 24, 36 h). After
the incubation with BSA, cells were harvested and mRNA and the
cell lysate were obtained.
Measurement of LDH release
LDH release was measured to evaluate cell damage. The percentage
of LDH released from IRPTCs was calculated by determining the
ratio of LDH in the culture medium compared to that in the lysed
cells plus the culture medium.51
PAN nephropathy model rats
Male Wistar rats weighting 200–250 g were purchased from Nihon
zairyo center (Tokyo, Japan). They were administered 100 mg/kg
PAN (Sigma) from tail vein. Blood urea nitrogen and proteinuria
were evaluated for monitoring renal injury and they were increased
from 1 week after the injection. We confirmed that renal injury
continued until 3 weeks after the injection (blood urea nitrogen:
control group (n¼ 3) 16.573.1 mg/dl, puromycin group (n¼ 3)
26.175.9 mg/dl; proteinuria: control group 3.1470.68 mg/day,
puromycin group 710.77373.1 mg/day). Kidneys were removed
and fixed in Methyl Carnoy’s solution at that time point.
Histology and immunohistochemistry
Kidneys were fixed in Methyl Carnoy’s solution after removal. They
were then processed, embedded in paraffin, and cut into 4mm
thickness sections that were stained with periodic acid-Schiff
reagent. For immunohistochemical analysis, sections were incubated
with primary antibody (anti-ORP150 and anti-GRP78 antibodies).
To analyze the distribution of GRP78, we employed the specific
markers for tubules (Table 1). After 2 h incubation at room
temperature with the primary antibody, the sections were incubated
with biotinylated secondary antibodies (a list of antibodies is shown
in Table 2) for 1 h, followed by a 30-min incubation with
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horseradish peroxidase-conjugated avidin D or RTU Vectastain kit
(for Tamm–Horsfall protein antibody) (Vector). For PHA-E
staining, after the sections were incubated with biotinylated PHA-E
(Vector), sections were incubated with horseradish peroxidase.
Color was developed by incubation with diaminobenzidine (Wako
Pure Chemical Industries, Tokyo, Japan) and hydrogen peroxide,
and the sections were counterstained with methyl green (Vector).
Nuclear staining
To assess the pathophysiology of cell death in IRPTCs with BSA
overload, we performed nuclear staining with Hoechst33342 and PI
(Dojindo, Tokyo, Japan). IRPTC was cultured on four-well Lab-Tek
chamber slides (Nalge Nunc International, Rochester, NY, USA),
and stimulated with 40 mg/ml BSA for 24 h. The cells were then
reacted with phosphate-buffered saline containing 0.1mg/ml
Hoechst33342 and 0.1mg/ml PI for 10 min at room temperature.
Apoptosis inhibition assay
Four chemicals, z-DEVD-fmk, ALLN, calpeptin, and PD150606
were employed for an apoptosis inhibition assay. A stock solution of
50 mM z-DEVD-fmk in dimethyl sulfoxide was diluted by culture
media including albumin to working concentration (50 mM). IRPTCs
were incubated with BSA and z-DEVD-fmk for 10 h. Calpain
inhibitors, ALLN, calpeptin, and PD150606 which were dissolved in
dimethyl sulfoxide as stock solutions were diluted and used at
indicated concentrations in text. For the assay of ALLN or
PD150606, cells were preincubated with these chemicals for 0.5 h
and after the washing with phosphate-buffered saline, cells were
incubated in the medium containing 40 mg/ml BSA for 10 h. For
calpeptin assay, cells were incubated in the medium containing
calpeptin and BSA for 10 h. After 10 h incubation, cells were
harvested and applied to LDH release assay.
Flow cytometry
We employed flow cytometric assay to examine apoptosis. We
utilized Annexin V apoptosis kit (MBL) according to the
manufacturer’s protocol with minor modification. Briefly, gently
trypsinized cells were pelleted by centrifugation, washed with
phosphate-buffered saline. After that, cells were resuspended in
binding buffer. Cells were stained with fluorescein isothiocynate-
conjugated Annexin V and PI for 10 min on ice in the dark. The
stained cells were run on a FACScan flow cytometer (Becton
Dickinson Immunocytometry Systems, San Jose, CA, USA). The
data analysis was performed on CellQuestPro software (Becton
Dickinson).
mRNA Quantification by real-time PCR
Total RNA was isolated by ISOGEN (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s protocol, and mRNAs of GRP78
and ORP150 were evaluated by quantitative real-time PCR. The
primers were designed with the MacVector Software (Accelrys Inc.,
San Diego, CA, USA) based on the GenBank accession numbers
(GRP78: NM_178021, ORP150: NM_138867). We employed b-actin
as internal control.52 PCR was conducted in triplicate for each
sample. The sequence of primers were following: ORP150 forward:
TGT CCT CTT GGC AGA CCT GTT G, backward: TTTT CCT CCG
AGA TTC CTT GTT C; GRP78 forward: CCC CAG ATT GAA GTC
ACC TTT GAG, backward: CAG GCG GTT TTG GTC ATT G;
b-actin forward: CTT TCT ACA ATG AGC TGC GTG, backward: TCA
TGA GGT AGT CTG TCA GG. cDNAs for real-time quantitative
PCR were synthesized using total RNAs from cell lysate. To avoid
the contamination of genomic DNA, we treated total RNAs with
DNaseI (Invitrogen Corp., Carlsbad, CA, USA). cDNA was then
synthesized with oligo(dT) primer in a 20 ml reaction from 1 mg of
total RNA using ImProm-II reverse transcription system (Promega
Table 2 | Antibodies and its settings used for immunohistochemistry and immunofluorescence and Western blot
Target 1st Ab Application Dilution 2nd Ab
ORP150 Rabbit polyclonal Ab49 IHC 1:250 Biotinylated anti-rabbit IgG Ab (Vector, 1:400)
IBL (10301, mouse) IF 1:200 Alexa546 anti-mouse IgG Ab (Molecular Probe, 1:200)
Rabbit polyclonal Ab49 WB 1:100 HRP anti-rabbit IgG Ab (Bio-rad, 1:10 000), ECL
GRP78 Santa Cruz (N-20, sc-1050, goat) IHC 1:250 Biotinylated anti-goat IgG Ab (DAKO, 1:800)
Santa Cruz (N-20, sc-1050, goat) IF 1:200 FITC anti-goat IgG Ab (DAKO, 1:40)
Santa Cruz (N-20, sc-1050, goat) WB 1:200 AP anti-goat IgG Ab (Promega, 1:1000), NBT/BCIP
Caspase-12 Santa Cruz (sc-5627, rabbit) IF 1:200 TexasRed anti-rabbit IgG Ab (Molecular Probe, 1:400)
Calbiochem (PC557T, rabbit) WB 1:2000 AP anti-rabbit IgG Ab (Promega, 1:1000); NBT/BCIP HRP
anti-rabbit IgG Ab (Bio-rad, 1:10 000), ECL
Calnexin Santa Cruz (H-70, sc-11397, rabbit) IF 1:100 TRITC anti-rabbit IgG Ab (DAKO, 1:40)
Actin Sigma (polyclonal, rabbit) WB 1:100 AP anti-rabbit IgG Ab (Promega, 1:1000), NBT/BCIP
Ab, antibody; AP, alkaline phosphatase; HRP, horseradish peroxidase; IgG, immunoglobulin G; IHC, immunohistochemistry; IF, immunofluorescence; WB, Western blot.
Table 1 | The specific markers for tubules and antibodies
Antigen Target tubule Product Dilution 2nd Ab Reference
PHA-E (lectin) PT Vector B-1125 (biotinylated) 1:500 — 53,54
THP THAL Cappel 55140 1:500 Biotinylated anti-goat IgG Ab 1:800 (DAKO) 55,56
CaBP28k DCT–CNT Sigma c-9848 1:500 Biotinylated anti-mouse IgG Ab 1:400 (Vector) 56–58
AQP2 CNT–CCD Chemicon AB3274 1:500 Biotinylated anti-rabbit IgG Ab 1:400 (Vector) 57,59
Ab, antibody; AQP2, aquapolin 2; CaBP28k, CalbindinD 28k; CCD, cortical collecting duct; CNT, cortical connecting tubule; DCT, distal convoluted tubule; IgG, immunoglobulin
G; PHA-E, Phaseolus vulgaris erythroagglutinin; PT, proximal tubule; THAL, thick ascending limb; THP, Tamm–Horsfall protein.
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Corporation, Madison, WI, USA) according to the manufacturer’s
protocol. One microliter of cDNA was added to SYBR Green PCR
Master Mix (Qiagen, Hilden, Germany) and subjected to PCR
amplification (one cycle at 951C for 15 min, and 40 cycles at 941C
for 15 s, 551C for 30 s, and 721C for 30 s) in an iCycler system
(Bio-rad, Hercules, CA, USA).
Polyacrylamide gel electrophoresis and Western blot analysis
Incubated cells were trypsinized and washed twice in cold
phosphate-buffered saline. After the washing, the cells were lysed
by addition of cell lysis buffer containing 300 mM NaCl, 50 mM
Tris-HCl, pH 7.6, and 0.5% Triton X-100. Renal cortex from normal
or PAN nephropathy rats were lysed by addition of SDS sample
buffer (0.35 M Tris-HCl, pH 6.8, 10% SDS, 36% glycerol, 5%
b-mercaptoethanol, 0.012% bromophenol blue). Protein concentration
was measured by DC protein kit (Bio-rad). The samples were
separated by 10% SDS-polyacrylamide gels. After electrophoresis,
the proteins were transferred onto a Hybond ECL membrane (GE
Healthcare Bio-sciences AB, Uppsala, Sweden) in a Tris-glycine
transfer buffer (48 mM Tris, 39 mM glycine, 0.05% w/v SDS, 10% v/v
methanol) using a semidry blotter and detected with the respective
antibodies and developed with BCIP/NBT (Sigma). The primary
antibodies and second antibodies were used as shown in Table 2.
The intensity of the band was quantified utilizing the software,
NIH ImageJ (National Institutes of Health, Bethesda, MD, USA)
and normalized by the band intensity of actin.
Immunofluorescent study
To clarify the protein expression in vitro, we also performed
immunofluorescent study. IRPTC was cultured on four-well
Lab-Tek chamber slides, and stimulated as designation. After the
stimuli, cells were fixed in the buffer (methanol:aceton 1:1) for
10 min at 201C, and incubated with primary antibody for 1.5 h,
and consequently fluorescence-conjugated secondary antibody (as
shown in Table 2) for 1 h.
Statistical analysis
All values were presented as means7s.e. Statistical comparisons
were analyzed by a Student’s t-test or one-way analysis of variance
with Dunnett’s post-test. GraphPad Prism version 4.03 for Windows
(GraphPad Software, San Diego, CA, USA, www.graphpad.com) was
used for data analysis.
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